Abstract. This study was conducted to investigate the discriminant construct validity of two measures of knee extension strength: hand-held dynamometry and manual muscle testing. The study employed a retrospective analysis of medical records and comparison of patient data with published reference values. The knee extension strength of 38 consecutive patients with a variety of problems requiring home based rehabilitation were measured bilaterally by hand-held dynamometry and manual muscle testing. Data were examined using analysis of variance, a Wilcoxon test, and contingency table analyses. Hand-held dynamometry was able to distinguish between the knee extension strength of patients and healthy subjects and between the stronger and weaker sides of both groups. Manual muscle testing was also able to differentiate between the strength of the stronger and weaker sides of patients. The sensitivity of manual muscle testing to differences between sides, however, was poor. The agreement between hand-held dynamometry and manual muscle testing as to the presence of a difference between sides was only fair (k=.240). If the identification of knee extension weakness relative to an external standard or a stronger side is important, hand-held dynamometry may be a better measurement procedure than manual muscle testing.
Measurement is a fundamental component of the clinical examination of patients. One of the variables commonly measured by physical therapists is muscle strength 1) , defined herein as the maximum voluntary force or torque brought to bear on the environment under a specific set of test conditions. Judgements about impairments in strength are typically based on comparisons between patient performance and one of two standards. The first standard is a normative reference value obtained from a comparable set of apparently healthy individuals 2) . The second standard is the patient himself; for measurements of extremity muscle strength, values obtained from the patient's contralateral side are most often employed [3] [4] [5] [6] [7] .
If measurements of muscle strength obtained from patients in a particular setting are to be considered valid, they should be capable of distinguishing between a potentially weak patient's strength and the strength of apparently healthy individuals and between a patient's weaker and stronger sides. Studies of the capacity of manual muscle testing and instrumented tests to make such distinctions have been published 3-5, 7, 8) . The studies, however, have not thoroughly examined the measurements' validity and have not involved patients undergoing rehabilitation in a home care setting. The purpose of this study, therefore, was to investigate the discriminant construct validity of hand held dynamometer and manual muscle test measurements of knee extension strength obtained in a home care environment.
METHOD

Subjects
This is the second of two retrospective studies using data retrieved from the initial physical therapy notes of patients undergoing rehabilitation in a home care setting. This study involved 38 consecutive patients of 35-89 (mean=75.6, standard deviation=10.4) years whose knee extension strength was measured bilaterally. All patients were evaluated by the author. Most (30) of the patients were women. The patients were referred for a number of different problems: intrathoracic/ intrabdominal surgery (6), joint arthroplasty (5), osteoarthritis (5), Parkinsonism (4), lower extremity fracture (4), other orthopedic (4), cancer (3), stroke (3), other neurologic (3), other medical (1). Of course, many of the patients had one or more secondary problems. Seven patients had fallen recently.
Instrumentation
The hand-held dynamometer used to measure knee extension force was an Ametek Accuforce II. It measures forces up to 650 Newtons to the nearest .1 Newton. The device was calibrated periodically over the course of its use. The manual muscle testing technique employed was that outlined by Hislop and Montgomery 9) . The 0-5 grading system was applied but scores were converted to a 13 category scale to simplify analysis (0=0, 1=1, 1 + =2, 2 -=3, 2=4, 2 + =5, 3 -=6, 3=7, 3 + =8, 4 -=9, 4=10, 4 + =11, 5=12).
Procedures
Hand-held dynamometry was performed using a technique shown previously to be reliable in a home setting 10) . During testing patients sat in a firm chair with their hips and knees flexed approximately 90 degrees. The dynamometer was applied perpendicularly to the leg just proximal to the malleoli. Patients were asked to come to a maximum knee extension effort over one to two seconds and to continue with a maximum effort until instructed to stop. The instruction to stop followed several seconds of consistent verbal encouragement. The peak force (in Newtons) from a single effort was recorded for each knee.
Manual muscle testing was performed in the same chair except for one patient whose strength was 1 + (2 transformed) bilaterally. The score from a single effort was recorded for each knee.
Data Analysis
The Systat software program was used to analyze the data 11) . The discriminatory ability of dynamometer measurements was determined by comparing the values obtained from the stronger and weaker sides of patients with each other and with published reference values obtained from apparently healthy individuals of the same gender and decade of age. The reference values published by Bohannon were used for patients who were less than 80 years of age 12) and the reference values reported by Smith et al. were used for patients who were 80 years of age or older 13) . A 2 (side: stronger vs weaker) × 2 (group: patient vs healthy) analysis of variance (ANOVA) was used to make this comparison.
The appraisal of the discriminatory capacity of manual muscle test measurements first involved a comparison of manual muscle test scores between sides. A Wilcoxon matched pairs signed ranks test was used for this purpose. Thereafter the dynamometer and manual muscle test scores were compared. To do this dynamometer and manual muscle test scores were dichotomized as different or not different between sides. Dynamometer scores were defined as different if the measurements of the stronger side were 20 or more percent greater than the measurements of the weaker side ([stronger side force -weaker side force]/stronger side force). Any discrepancy in manual muscle test scores (eg 4 + and 4) was interpreted as a difference. Once dichotomized, scores were subjected to contingency table analysis to determine the agreement of manual muscle testing with hand-held dynamometry in detecting between side differences in strength. The contingency table analyses included calculations of sensitivity and specificity, and Cohen's kappa. Table 1 summarizes the measurements of knee extension strength obtained from the 38 patients in this study and from apparently healthy individuals of the same gender and decade of age 12, 13) . Fewer than half of the patients received the maximum manual muscle test score of 12 for knee extension on either side. Of the patients scoring a 12, only one had knee extension force measured by dynamometry that met or surpassed the average forces reported for healthy individuals of the same gender and age. That patient demonstrated such forces bilaterally. Table 2 compares the dynamometer scores between sides (stronger and weaker) and groups (patient and healthy). The median forces were higher on the stronger side and for the healthy subjects. The ANOVA (Table 3 ) demonstrated that the stronger side generated significantly more force than the weaker side and that the force generated by the apparently healthy individuals was significantly greater than the force generated by the patients. The significant interaction of the ANOVA showed that the difference between the patients and the apparently healthy individuals was greater on the weaker side than on the stronger side.
RESULTS
The median and range of manual muscle test scores were 11.5 and 2-12 on the stronger side and 11.0 and 2-12 on the weaker side. The Wilcoxon test showed that the manual muscle test scores on the weaker side were significantly less than on the stronger side (z= 3.089, p=.002). Table 4 shows the extent of agreement between manual muscle testing and dynamometry for identifying differences in strength between sides. Although the measurement procedures were in agreement as to the presence of a difference most (68.4%) of the time, the procedures were often (31.6%) in disagreement. The sensitivity of manual muscle testing to dynamometer documented differences between sides was only 42.9 percent; that is, manual muscle testing was 42.9 percent accurate at identifying the presence of a 20 percent difference in knee extension force between sides. The specificity of manual muscle testing to dynamometer demonstrated differences between sides was 82.3 percent; that is, manual muscle testing was 82.3 percent accurate at identifying the absence of a 20 percent difference in knee extension force between sides. The kappa statistic of .240 demonstrated that the agreement between the two methods in identifying differences between sides was only in the fair range 14) .
DISCUSSION
Both hand-held dynamometry and manual muscle testing are practical for application in a home setting. Therefore, decisions as to which procedure should be used depend on other factors such as validity. One important characteristic of a valid measure is its ability to discriminate, that is, to identify differences where differences do in fact exist. In this study, hand-held dynamometry was shown to discriminate strongly between patients and apparently healthy individuals. This finding, along with previously published information, supports its construct validity in a home setting. The ability of manual muscle testing to achieve this end was not examined directly in this study. The tendency in this and previous studies 8) for patients with maximum manual muscle test scores to have dynamometer measurements that were below the average of apparently healthy individuals, however, argues against a comparable discriminatory capacity of manual muscle testing and instrumented testing.
Hand-held dynamometry and manual muscle testing were both able in this study to distinguish between the stronger and weaker side of patients with a variety of problems. They were not able, though, to make this distinction equally. The kappa statistic showed that the agreement between the two methods did not greatly surpass that which might result from chance. If a smaller percentage difference between sides in dynamometer measurements had been used to dichotomize the patients' knee extension strength (as different or not different), the agreement would be worse. A 12 percent cut score, for example, would have yielded a kappa of .166. Such poor agreement combined with the limited sensitivity of manual muscle testing, shown in this study, highlights the limitations of manual muscle testing. That is, a patient with substantial differences between sides may not be noted to have such differences if manual muscle testing is the sole method used to quantify knee extension strength. This shortcoming of manual muscle testing has been pointed out before 4, 7, 8) , but has not been described as thoroughly as in this report. If, however, manual muscle testing reveals a difference to exist between sides, the results of this study suggest that the difference can be accepted confidently as real.
This study, being retrospective and based on data within available documents, lacks much of the control associated with prospective research. The data, however, was all gathered systematically by a single clinician with considerable experience with both manual muscle testing and hand-held dynamometry. It is doubtful, therefore, that the manner of gathering the data for this study had an appreciable effect on the results.
CONCLUSION
Manual muscle testing is not as sensitive as hand-held dynamometry for detecting deficits in muscle strength. Where the identification of such differences is important, hand-held dynamometry may be a reasonable alternative for the documentation of muscle strength.
